Climate Counts
by Joseph S. Harrington

Climate change is real and having a direct impact on insurance losses, according to a joint
initiative of four actuarial organizations in the United States and Canada. If climate conditions
continue as the indices developed by this initiative suggest, property insurers will have to
reevaluate how they place and price property coverage.
Author’s Note: Much of the content for this article was derived from slide exhibits prepared
by Michael E. Angelina, executive director of the Maguire Academy of Insurance and Risk
Management at Saint Joseph University’s Erivan K. Haub School of Business. Angelina gave a
presentation on this topic at The Institutes CPCU Society 2018 Annual Meeting, but this
author is accountable for all representations in the article.
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CAR: Central Arctic
CEA: Central East
Atlantic
CWP: Central West
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Insurers
and reinsurers
are well aware that losses
due to weather catastrophes
have increased substantially in recent
decades. The question is: Why?
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Are the increased losses due primarily to
growing populations in catastrophe-prone areas?
Or is there something happening with the weather
to produce more severe events?
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Regarding the latter, how do we really know if there
has been an increase in the number and severity of
droughts or storms? Is “observation bias” at work,
leading us to find more of something because we are
actively looking for it?
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The stakes are huge.
To the extent that an increase in weather-related losses results from
growth in the amount and extent of insured property, the increased
exposure should be accounted for in property insurance ratings.
That would typically not be the case, however, to the extent that
increased losses are the result of changing weather patterns.
The latter is true even with catastrophe modeling, which is ever
more precise in projecting losses from a specified event in a
specified area, but far less precise in projecting whether, where,
and when such an event will happen.
Thus, if the weather is becoming increasingly volatile due to
changes in climate, any attendant increase in risk could develop
undetected in a book of business, potentially resulting in inadequate
rates for properties whose risk profiles are otherwise unchanged.

Actuarial Initiative
This brings us to the question of climate change, a topic many
CPCUs might prefer to avoid because of the political controversy
that surrounds it, but one they cannot avoid, given its connection
to weather, a major concern of property underwriting.
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Climate change is real and having a direct impact on insurance
losses, according to a joint initiative of four actuarial organizations
in the United States and Canada: the American Academy of
Actuaries, the Casualty Actuarial Society, the Canadian Institute of
Actuaries, and the Society of Actuaries.
The initiative, described at ActuariesClimateIndex.org, has
developed two indices designed to provide objective, quantified
information regarding climate conditions and their risk implications:
• The Actuaries Climate Index (ACI) is a numeric measure of
changes in climate extremes, specifically the number of
particularly hot and cold days relative to seasonal and regional
averages, plus the incidence of heavy precipitation, sustained
drought, high wind speeds, and elevated sea levels.
• The Actuaries Climate Risk Index (ACRI) is a numeric measure
that relates climate extremes to economic and human losses.
These relationships include mortality and morbidity trends
during high heat periods, flood damages during periods of
high precipitation, crop and wildfire losses during extended
dry periods, and wind damages during periods of high winds.

“

Once the ACI has determined the existence and extent
of weather extremes, it calculates what connection those
weather patterns have to human or economic losses

The ACI indicates how far extremes for six different weather factors
deviate (on a consolidated basis) from averages reported for 1960
to 1991. The higher the number, the greater the deviation.
There are fifteen ACIs in all, one each for twelve different regions
of the U.S. and Canada, one for the U.S. and Canada separately,
and one for the U.S. and Canada combined. (See chart “ACI Regions
for the U.S. and Canada.”)
Weather factors from today that are compared with averages from
the identified thirty-one-year period include the following:
• The frequency of temperatures above the ninetieth percentile
(extreme heat)
• The frequency of temperatures below the tenth percentile
(extreme cold)

”

In the fall of 2017, the latest period for which complete results
are available, the ACI for the U.S. and Canada combined reached
a record level of 1.19 (calculated on a five-year rolling basis),
continuing a generally upward trend since 1991. Although the index
was launched in 2016, the underlying data allows for calculating
it retroactively, back to 1960. (See chart “Increasing Frequency of
Extreme Weather.”)
“A positive value in the ACI represents an increase in climaterelated extremes relative to the reference period,” reads an
executive summary of the initiative published by its sponsoring
organizations. “The Index in the past 20 years has been driven
upward primarily by more warm/hot temperatures, fewer cool/cold
temperatures, higher sea levels, more heavy precipitation, and
more drought.”1

• The maximum rainfall per month in five consecutive days
• The annual maximum number of consecutive dry days

Connection to Losses

• The frequency of wind speed above the ninetieth percentile

Once the ACI has determined the existence and extent of weather
extremes, it calculates what connection those weather patterns
have to human or economic losses.

• Changes in sea levels

Increasing
frequency
of Extreme
weather
Source: Actuaries Climate Index;
Michael Angelina, ACAS, MAAA, CERA
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U.S. and Canada Combined ACRI
Source: Actuaries Climate Index; Michael Angelina, ACAS, MAAA, CERA

USC: All regions

Using population figures to indicate the extent of exposure, the
ACI employs regression analysis to determine where correlations
exist between weather extremes and losses. So far, five statistically
significant correlations have been identified:
• Mortality and morbidity related to heat (in four of the twelve
regions)
• Flood damages related to maximum five-day precipitation
(in eight of the twelve)
• Crop damages related to consecutive dry days (in three of the
twelve)
• Wildfire damages related to consecutive dry days (in two of the
twelve)
• Wind damages related to wind power (in seven of the twelve)
The combined ACRI index for the U.S. and Canada has been above the
base reference level for sixty-eight of the past seventy-two quarters,
meaning that losses arising from the weather perils measured in
the ACI have been relatively high 96 percent of the time since 2005,
although only slightly so in the past year.
The ACRI exceeded its base level in every quarter over that time
in two regions: the Northeastern U.S., hard hit by flooding, and the
Southwestern U.S., plagued by hot, dry temperatures. In contrast, the
ACRI for the Midwestern U.S. exceeded its base level in fewer than
two-thirds of the quarters considered. (See chart “U.S. and Canada
Combined ACRI.”)

Going Forward
The organizations sponsoring the climate index initiatives say
they want to influence the public debate over climate change
by providing objective information on climate conditions and their
impact. Among other things, they hope to expand the application
of their methodology to regions outside the U.S. and Canada.
The initiatives are also designed to have immediate practical
benefits for life, health, and property-casualty insurers. To that end,
the sponsoring organizations are looking to refine their research to
focus on correlations of insurance claims, not just economic losses,
to the components of the ACI.
If climate conditions continue as the earliest ACIs and ACRIs
suggest, insurers will almost surely have to reevaluate how they
price property coverage. That job will be made easier if they have
verifiable indications of the incidence and effects of severe events
to incorporate into their pricing and risk management. 
Many thanks to the Risk Management and Underwriting interest
groups for their contributions to this article.

1.	American Academy of Actuaries, Canadian Institute of Actuaries,
Casualty Actuarial Society, and Society of Actuaries, Actuaries Climate
Index Executive Summary, May 2018, actuariesclimateindex.org/wpcontent/uploads/2016/04/ACI.ExecutiveSummary5.18.pdf (accessed
Oct. 17, 2018).
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